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ADSORBENT MEDIUM AND ITS USE IN PURIFYING DNA 

Field of the Invention 

This invention relates to an adsorbent medium and to 
its use in retainina larae moi *:ir^nT crr^c^r-^A ^ « ^« ^i,^ 
5 purification of DNA. 

Background of the Invent, i nn 

DEAE (diethylaminoethane) has been used to derivatise 
Sepharase or Sephadex beads to provide an anion exchange 
^ssin. Having quaternary ammonium groups. This is^ 
10 available from Pharmacia as DEAE-streamline . It is used as 
an anticholesteremic. 

Cellulosic sponge materials have been used in various 
forms as the basis of an adsorbent medium, typically after 
the introduction of ion-exchange groups. For example, GB- 
A-1226448 discloses the introduction of cross-linking 
residues into regenerated cellulose, together with or 
followed by the introduction of ion-exchange groups. The 
resultant medium can be used, packed in a column. Various 
physical forms are disclosed. 
20 WO-A-9117830 discloses an adsorbent medium (HVFM) 

prepared by cross-linking a flexible hydrophilic sponge 
that contains fibrous, hydrophilic reinforcement, and 
introducing functional groups. The cross-linking is 
controlled so that the resulting sponge has a water 
25 retention value of 2 to 6. It is oT-onns^^H 

macromolecules such as proteins, while retaining mechanical 
strength. However, in addition to its low water retention 
value, this medium has poor flow properties. 

^° A particular area in which an efficient, commercial 

process is required, for purifying samples, is in the 
preparation of pharmaceutical grade plasmid DNA for gene 
therapy. Although many processes have been developed for 
the large-scale production of recombinant plasmid DNA, e.g. 

35 using E. coli as the host cell, purification of the product 
is necessary before the functional gene can be used, i.e. 
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for expression in somatic tasKn^iiCi wi-i-h — 
selectively correcting or modulating disease conditions. 

Purification of plasmid DNA has traditionally been on 
a very small scale for researcii purposes. Purification of 
plasmid DNA for preclinical toxicology, human clinical 
trials, and ultimately for an approved pharmaceutical 
indication, requires a process that reproducibly meets all 
the quality and regulatory standards and can be used to 
""purify large quantities of the material economically. 

The standard method for plasmid DNA purification by 
molecular biologists has been by caesium chloride/ethidium 
bromide ultracentrif ugation. This method is unacceptable 
for the production of clinical materials, because it uses 
mutagenic reagents and is unscalable. 

Alternative methods for the purification of plasmid 
DNA have been developed using a combination of 
chromatography techniques. Problems associated with such 
techniques have been low capacity of the adsorbents for 
plasmid DNA, denaturation and breakdown of the DNA 
molecule, and losses due to filtration of the feedstock 
containing plasmid DNA. Problems associated with 

filtration have been resolved by using the adsorbents in 
fluidised bed mode, but this requires specially designed 
hardware for large-scale applications. 
Summarv of the Tnvon^- i r%r, 

-1.= uaaeu uji une oiscovery that an 

adsorbent medium comprising particles of a cellulose sponge 
material carrying functional groups, can be effectively 
used to retain species having molecular weight of at least 
one million Daltons, e.g. viruses and DNA. in particular, 
it has been found that an effective adsorbent can be 
prepared from readily-available sponge material, after 
removal of fibrous reinforcement. 

The new porous matrix has high capacity for plasmid 
DNA, and can be used in a packed bed with unfiltered 
feedstock. It can be used in any type of chromatographic 
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hydrophobic interaction. 
Description of the Invention 

The ceilulosic sponge material, from which the novel 
5 medium is derived, is typically a naturally-occurring 
polymer such as cellulose or agarose. 

Ceilulosic sponge materials are commercially 

available, including hydrophilic, fibrous reinforcement. 

For the purposes of the present invention, this 
10 reinforcement can be removed, or at least substantially 
removed. The water retention of the medium is generally 
higher than that described in WO-A-9117830, and is 
typically greater than 6 ml/g, e.g. up to 10 or 11 ml/g. 

The material used in the invention is preferably 
15 cross-linked. This may be achieved by known procedures. 
Similarly, the introduction of functional groups may be 
achieved in known manner, e.g. as described in WO-A- 
9117830. Suitable ion-exchange groups are known. It is 
preferred that the functional groups should bind DNA. They 
20 may be derived from tertiary amines such as 
diethylaminoethane (DEAE) , or quaternary amines. 

The adsorbed medium of this invention may be made into 
particles of suitable size by any appropriate technique, 
e.g. chopping. The size of the particles may be 



unirormiry. Tne particles will usually be at least 0.1 mm 
in size, e.g. up to 10 mm or more; a preferred particle 
size is 0.5 or 1 to 10 mm. 

In an illustrative embodiment of the invention, an 

30 open structure fibrous polymer adsorbent (HVFM) has been 
developed for the purification of plasmid DNA. In order to 
demonstrate its suitability, the material was converted 
into a weak anion-exchanger (DEAE-HVFM) and used to purify 
plasmid DNA from unfiltered feedstock. 

35 Particulate HVFM was derivatised, up to a level of 

1933 jumoles per g dry weight, with diethylaminoethane 
(DEAE) . The characteristics of particulate DEAE-HVFM for 
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the purification of plasmid DNA from crude fe^^edstock were 
determined. The dynamic capacity of DEAE-HVFM for plasmid 
DNA was >1500 /xg,ml"^ and 1350 /ig-xnl"^ at 88 cm.h'^ (30 

per hour) , respectively. 

Analysis of the purified plasmid DNA was carried out 
by various methods: it contained no detectable amount of 
RNase and was not damaged by this purification process. 
The pressure/ flow properties of particulate DEAE-HVFM 
showed that a flow rate of 116 column volumes per hour can 
be achieved at a pressure of 2.2 bar, across a column 
having a bed height of 4 cm and which is 2.5 cm in 
diameter. 

The water retention value of the particulate DEAE-HVFM 
is approximately 10 ml/g. A water retention value of 2 to 
6 is quoted for HVFM with a uniformly distributed fibrous 
reinforcement (WO-A-9117830) . 

The following Examples illustrate the invention. 

White HVFM Cloth (18 x 20cm) was washed in tap water 
at 50°C followed by RO H2O and rolled dry. The HVFM was cut 
into pieces (approximately 2cm square) and the "nylon • 
scrim reinforcement was removed. The HVFM pieces were 
covered with water in a plastic beaker and homogenised 
using a hand-held Kenwood Blender for approximately 2 
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430ml H2O and 3.5ml 1, 3-dichloropropanol were mixed 
and added to the homogenised HVFM in a 500ml glass beaker 
and stirred gently to mix. The beaker was covered with 
non-PVC cling film (four sheets) and 1 layer of aluminium 
foil and incubated for Ih at 60°C in an oven. The reagents 
were poured off and the sponge washed and dried under 
vacuum suction and then by plunging in an XK-50 column. 

55. 4g DEAE was dissolved in 122ml RO H2O and poured 
onto the cross-linked HVFM in a 500ml glass beaker and 
gently mixed. 250ml 5M NaOH was poured evenly onto the HVFM 
and mixed gently. The beaker was covered in 4 sheets of 
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incubated for Ih. at 60°C in an oven. The reagents were 
poured off and the sponge dried under vacuum suction. Fresh 
solutions of 4 5% (w/v) DEAE and 5M NaOH were added to the 
5 sponge as above and incubated again at 60°C. The reagents 
were poured off and the sponge washed extensively under 
vacuum suction, followed by squeezing dry in an XK-50 
column. This procedure gave HVFM derivatised with DEAE> 
A 1ml Omni-fit column (ID 0.66cm) was prepared by 

10 hydrating approximately Ig wet weight DEAE-HVFM with 20inM 
Tris pH 7 . 5 and packing it into the column using the column 
plunger. The column was then equilibrated with 0.2M NaCl 
(adjusted to pH 11.0 with NaOH) at 0.5ml.min"\ 35 ml 12mM 
HCl was then washed through the column at 0.5ml.min'\ 1ml 

15 fractions were collected and the pH of each fraction 
measured. The column was then unpacked and the DEAE-HVFM 
dried to constant weight at 50°C in an oven. A graph of pH 
against mmoles of HCl applied to the column was plotted 
and the point at which the pH dropped sharply to 

20 approximately pH 3.0 was used to calculate the level to 
which the sponge had been derivatized with DEAE. 

In summary, white sponge cloth that had been filleted 
of its reinforcing mesh and also homogenised was 
derivatized. The level of derivatization achieved was 

The capacity of DEAE-HVFM (homogeniseaj was ar leasr 
5 times as much as that estimated for DEAE-streamline, i»e. 
150-300/ig.mg"\ With increased capacity for plasmid DNA, 
it might be expected that the DEAE-HVFM may also have 

3 0 increased capacity for RNA and protein; therefore, the 
levels of these residuals between the two matrices was 
compared. No detectable RNAase, the predominant protein 
contaminant in the feedstock, was found in the 0.5M and 
l.OM elutions of either matrix after NuPAGE electrophoresis 

35 and silver staining. RNAase could be detected in the 
breakthrough and the 2 0mM Tris washes from both matrices. 
Gel filtration on Sephacryl S-500 showed that low molecular 
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each of the columns. SYBR green II staining of samples of 
the l.OM elutions run on 1.0% agarose gels suggested that 
these contaminants are digested RNA, and the proportion of 
5 material in the plasmid DNA peak from the DEAE-HVFM column 
was greater than that from the DEAE-Streamline column (5.4% 
cf 1.7%), i.e. a three-fold increase in plasmid DNA purity 

relative to RNA. 

Agarose gel electrophoresis of plasmid DNA eluted from 

10 both DEAE-HVFM and DEAE-streamline demonstrated that the 
plasmid was not damaged by binding and elution from the 
column. In contrast, silica-based matrices such as that 
found in the Plasmix purification kit nick the DNA and 
produce more of the open circular form. 

15 The pressure/flow characteristics of particulate DEAE- 

HVFM were compared with those of DEAE-HVFM cloth with 
reinforcement and DEAE-HVFM 'natural' block. For all 
matrices, the flow rate increased with decreasing bed 
height. However, when the matrices were compared at a 

20 fixed bed height, the particulate DEAE-HVFM had better flow 
properties. For example, particulate DEAE-HVFM achieved a 
flow rate of 116 column volumes per hour at a pressure of 
2.2 Bar, across a column of dimensions 4.0cm bed height and 
2.5cm diameter; the flow rates for DEAE-HVFM reinforced 



volumes per nour respectively. 

The DEAE-HVFM was also found to have better 
pressure/ flow characteristics than Whatman Express ion- 
exchangers Q and DEAE. 



